To test the hypothesis that acute hypotension resulting from pneumothorax would be associated with severe brain injury (grade 3 or 4 intraventricular haemorrhage), 67 very low birthweight (VLBW) infants of 32 weeks' gestation or less with respiratory distress syndrome and pneumothorax were studied. Thirty six had pneumothorax associated with systemic hypotension and 31 had pneumothorax with normal blood pressure. The groups were similar in gestational age and severity oftheir respiratory distress syndrome. Thirty two of 36 of infants with pneumothorax associated with hypotension (89%) had grade 3 or 4 intraventricular haemorrhage. This percentage was significantly greater than the percentage for infants with pneumothorax and normal blood pressure (three of 31, 10%). The risk ratio for grade 3 or 4 intraventricular haemorrhage for infants with pneumothorax associated with hypotension was 9-8 compared with neonates with pneumothorax and normal blood pressure. These observations are consistent with the hypothesis that systemic hypotension and cerebral hypoperfusion are important factors leading to intraventricular haemorrhage in VLBW infants.
Pulmonary air leak is a common complication in very low birthweight (VLBW) infants, occurring in up to 35% of those being ventilated for respiratory distress syndrome.' 2 Several reports have indicated that pneumothorax is often associated with, or followed by, intraventricular haemorrhage"7 but other studies have not reported an increased risk of intraventricular haemorrhage. 8 9 None of these studies, however, commented on the severity of symptoms caused by the pneumothorax or whether the pneumothorax was accompanied by systemic hypotension. A small pneumothorax may be asymptomatic or mildly symptomatic, but if the pneumothorax is associated with appreciably raised intrathoracic pressure then cardiac filling, cardiac output, and systemic blood pressure will fall.'0'2 If this happens cerebral infarction is seen as the primary event, with intraventricular haemorrhage not occurring until after the systemic blood pressure has been raised to, or above, normal levels." 12 In this study we tested the hypothesis that a pneumothorax with systemic hypotension would increase the likelihood of severe intraventricular haemorrhage in VLBW infants being ventilated for respiratory distress syndrome. Episodes of pneumothorax after which the blood pressure remained normal would be less likely to result in severe intraventricular haemorrhage.
We studied the incidence of grades 3 and 4 intraventricular haemorrhage among VLBW infants with pneumothorax that had caused hypotension, and compared it with the incidence of intraventricular haemorrhage in infants with pneumothorax and normal blood pressure.
Patients and methods
We retrospectively identified 82 infants from the records of our neonatal intensive care unit who were admitted between 1 January 1983 and 31 December 1986, were of 32 weeks' gestation or less, required mechanical ventilation for respiratory distress syndrome, and developed a pneumothorax. Fifteen were excluded from the study: five with hypoplastic lungs, one in whom the pneumothorax occurred as a terminal event, one in whom the pneumothorax was secondary to a thoracotomy for ligation of a patent ductus arteriosus, and two with congenital defects of the central nervous system. In addition, six others were excluded because they did not have a cranial ultrasound scan carried out after their pneumothorax, or because they had not undergone necropsy to see if there was an intraventricular haemorrhage.
The remaining 67 infants were studied. Two of the authors (DM, CWG) reviewed each neonate's chart to find out if the pneumothorax was associated with systemic hypotension. Blood pressure was monitored continuously by a transducer attached to an indwelling umbilical arterial catheter. Systemic hypotension, defined as a sudden fall in the mean blood pressure to less than two standard deviations below the mean for age (30 mm Hg or less,'3) resulted from a pneumothorax in 36 infants. An additional 31 infants had a pneumothorax but did not develop hypotension. Cranial ultrasound scans were independently scored according to the Papile system by a radiologist and a neonatologist (AEK) who did not know the medical history.3 The most severe grade of intraventricular haemorrhage on any ultrasound scan was used for the infant's score. For infants who died (n=4) before ultrasound examination, the severity of intraventricular haemorrhage was determined at necropsy.
For each infant we recorded birth weight, sex, race, gestational age, Apgar score at one and five minutes, obstetric complications, time of first pneumothorax, and ventilator settings both at 12 hours of age and immediately before the first pneumothorax. The total number of days on the ventilator and being treated with oxygen, and the mortality, were also noted.
The incidence ofintraventricular haemorrhage was determined for each group. Data were compared by the x2 test and the unpaired Student's t test. The relative risks for intraventricular haemorrhage for each group were calculated to answer the following question: is pneumothorax with systemic hypotension associated with an increased incidence of grades 3 and 4 intraventricular haemorrhage compared with pneumothorax during and after which the blood pressure remains normal?
Results Although the infants in the two groups were of similar gestational age (28-6 (1-8) weeks compared with 29-1 (2 2) weeks) the mean birth weight of the hypotensive infants (1026 (293) was lower than that of the group with normal blood pressure (1250 (356) g, p<001) (table 1). In addition there were more boys in the hypotensive group (25 of 36, 69%) than in the group with normal blood pressure (15 of 31, 42%) (p<0 03).
The average age of occurrence of the first pneumothorax was 29 hours (range 4-127) and 32 hours (range 2-100) in the hypotensive and normotensive groups, respectively. The pneumothorax was bilateral in about half the infants in each group; pneumothorax was right sided in about 66% of the unilateral pneumothoraces in each group.
Mean baseline measurements of blood pressure before the pneumothoraces were similar in the two groups (table 2) . In all the infants who became hypotensive the mean arterial pressure fell when the pneumothorax occurred from 40 (7-1) mm Hg to 19-2 (10-1) mm Hg (p<0-001). Mean blood pressures did not change significantly during the pneumothorax in the normotensive group.
After the pneumothorax the arterial oxygen tension fell significantly (from 9-73 kPa to 7 07 kPa, p<0 05) and the arterial carbon dioxide tension rose (from 4 80 kPa to 6 67 kPa, p<0 05) in the hypotensive infants, but did not change significantly in the normotensive infants (from 8 66 kPa to 8 13 kPa and from kPa to 6-00 kPa, respectively).
There were no significant differences between the groups in ventilator mean airway pressure at 24 hours of age, but a significantly higher fractional inspiratory oxygen (F,o2) was required in the hypotensive infants (0-75 compared with 0-62, p<005). There was no significant difference between the groups in mean airway pressure just before pneumothorax.
RELATIONSHIP BETWEEN INTRAVENTRICULAR HAEMORRHAGE AND PNEUMOTHORAX
The incidence of intraventricular haemorrhage for each study group is shown in the figure. Only one infant (3%) in the hypotensive group had a normal cranial ultrasound scan compared with 24 infants (77%) in the group with normal blood pressure. Thirty two infants, 89% of those in the hypotensive group, had grade 3 or 4 haemorrhages. The increased incidence of grade 3 or 4 intraventricular haemorrhage in this group of infants with pneumothorax and hypotension is highly significant compared with the group whose blood pressure remained normal (3 of 31, 10%, p<0-01). The relative risk of grade 3 or 4 intraventricular haemorrhage was 9-8 for Infants with pneumothorax and hypoension had a higher incidence ofgrade 3 and 4 intraventricular haemorrhage.
(*p<O0O1). infants who became hypotensive compared with those whose blood pressure remained normal.
Because the study was retrospective we were not able to control for the timing of the cranial ultrasound scans. We therefore cannot say whether the pneumothorax preceded the intraventricular haemorrhage in all cases. Nevertheless, 17 infants in the hypotensive group had cranial ultrasound scans carried out both before, and within 24 hours after, their pneumothorax. Before the pneumothorax 10 of these 17 infants had normal cranial ultrasound scans and seven had either a grade 1 or grade 2 intraventricular haemorrhage. On repeat cranial ultrasound examination of the same infants after the pneumothorax, none had a normal cranial ultrasound, one had a grade 1-2 intraventricular haemorrhage, and 16 had grade 3 or 4 intraventricular haemorrhages. Though we cannot be certain that pneumothorax with a fall in blood pressure preceded the intraventricular haemorrhage in all cases, we believe that the observation in these 17 infants make it likely that severe intraventricular haemorrhage followed the development of pneumothorax.
MORTALITY AND MORBIDITY
Mortality was significantly higher in the hypotensive group (15 of 36, 42% compared with 3 of 31, 10%; p<0005). Among the surviving infants, there was no difference between groups in the length of time the infants received assisted ventilation or supplemental oxygen. Residual brain damage was more common among the surviving hypotensive infants compared with the infants whose blood pressure remained normal; nine of 36 (25%) compared with none of three of survivors developed unilateral periventricular leucomalacia with porenchephaly (p<0005), and 19 of 36 (53%) compared with one of 31 (3%) developed ventriculomegaly (p<0-01). Discussion Intraventricular haemorrhage occurs in about 35% of premature neonates weighing less than 1500 at birth, and is a serious cause of mortality and morbidity.3 In addition, one recent report showed a significant association between hypotension and cerebral lesions or death.'2 Intraventricular haemorrhage originates in the capillary network of the germinal layer, which is highly vascular and poorly supported. The pathogenesis of intraventricular haemorrhage is complex, but its occurrence is greatest in VLBW infants with respiratory distress syndrome. '4 A close association between pneumothorax and the occurrence and extension of intraventricular haemorrhage has been reported previously by Dykes et al who found that if a premature infant had an alveolar rupture, the risk of intraventricular haemorrhage was increased 2-5-fold compared with similar infants without alveolar rupture. 5 Of all the risk factors studied, they found that the presence of pneumothorax had the strongest association with the later development of intraventricular haemorrhage. Lipscomb et 
